In hypophysectomized-nephrectomized dogs after intravenous injection of histamine, a marked increase was observed in the rate of secretion of aldosterone, although it was smaller than that in intact dogs. Hypophysectomy plus bilateral nephrectomy greatly impaired the secretion of corticosterone and cortisol in the dog in response to histamine. However, a small yet significant increase in corticosterone and cortisol secretion was observed in hypophysectomized-nephrectomized dogs after intravenous injection of histamine. Additional experiments showed that plasma concentrations of potassium and sodium in hypophysectomized-nephrectomized dogs remained unchanged after intravenous injection of histamine. These results suggest that histamine stimulates aldosterone secretion in the dog partly by a direct effect on the adrenal cortical cells, whereas the effect of histamine on corticosterone and cortisol secretion is mediated mainly, but not totally, by pituitary release of ACTH.
INTRODUCTION
In a previous study in the dog it was shown that secretion of adrenal corticosterone and cortisol in response to histamine was mediated largely by release of adrenocorticotrophin (ACTH) from the pituitary gland and could be attributed partly to a direct effect of hista¬ mine on the adrenal cortex or to some extra-pituitary factors (Hirose, Matsumoto, Aikawa & Suzuki, 1977) . Evidence for a direct effect of histamine on the secretion of corticosterone and cortisol from the adrenal gland in the dog was recently obtained by experiments using isolated adrenal cells in vitro (Hirose, Matsumoto & Aikawa, 1978) .
There is much evidence to support the view that, in the dog, the renin-angiotensin system, pituitary ACTH and changes in concentrations of potassium and sodium in the plasma are major regulators of aldosterone secretion under many different circumstances.
However, less information is available about the factors to which the response in aldo¬ sterone secretion to the presence of histamine in the dog may be attributed. The purpose of the present study was to explore these factors.
MATERIALS AND METHODS
Animals and experimental procedure Samples of adrenal venous blood were centrifuged immediately after collection and the plasma was analysed for aldosterone, corticosterone and cortisol. The rates of secretion of aldosterone, corticosterone and cortisol were calculated by multiplying the concentrations of the steroids in the adrenal venous plasma (ng/ml) by the adrenal plasma flow (ml kg-1 min-1). In hypophysectomized-nephrectomized dogs, the completeness of hypophysectomy was carefully checked by gross inspection after the removal of the brain at the end of the experiment.
To establish the effect of histamine on peripheral plasma concentrations of potassium and sodium, additional experiments were carried out on six adult male mongrel dogs weighing between 7-1 and 14-8 kg. Right nephrectomy was performed on the day before the experi¬ ment and left nephrectomy and hypophysectomy were carried out on the day of the experi¬ ment after the animals were anaesthetized with sodium pentobarbitone (25 mg/kg, i.V.). Samples of the peripheral blood were obtained by jugular venepuncture before and 5, 10, 20, 40, 60 and 120 min after injection of 0-1 mg histamine dihydrochloride/kg. The blood that was collected was replaced by i.v. injection of the same volume of 0-9% saline solution. The blood samples were immediately centrifuged and the plasma was analysed for potas¬ sium, sodium and chloride concentrations.
The data were subjected to statistical analysis using Student's r-test for 'between-group' comparisons and Student's paired r-test for 'within-group' comparisons.
Analytical technique Aldosterone, in samples of adrenal venous plasma, was, after solvent extraction and pre¬ liminary purification by column chromatography, purified by paper chromatography and measured by radioimmunoassay using the slightly modified method of Mayes, Furuyama, Kem & Nugent (1970 There was no difference between the bindings of tracer in the absence and in the presence of dried residue of 0-2 ml methanol. Graded amounts of the standard (25^100 pg) added to the sample were assayed and the recoveries were 91-104%. The sensitivity of the assay was defined as the amount of aldosterone required to inhibit binding of the tracer in the absence of unlabelled aldosterone by 5% and was 11 ± 1-7 pg (mean ± s.d., « = 4). Two sample pools were assayed to determine the intra-and interassay variability. The intra-assay coefficients of variation were 13-4 and 14-7% (« = 5). The interassay coefficients of variation were 14-9 and 13-3% (« = 4). The antiserum supplied in the kit did not cross-react (<0-01%) with corticosterone, cortisol, deoxycorticosterone, dehydroepiandrosterone, pro¬ gesterone or cortisone.
Differential estimations of corticosterone and cortisol in samples of adrenal venous plasma were performed by the method described previously (Hirose, 1977) . Adrenal venous plasma (0-1-0-5 ml) was extracted with 5 ml dichloromethane. After being dried under a stream of nitrogen at 40°C and dissolved with ethanol, the extract was applied to a silica gel thin-layer plate (20 20 cm). The Plasma concentrations of potassium, sodium and chloride were determined using a Technicon Stat/Ion.
RESULTS
The rates of secretion of aldosterone, corticosterone and cortisol before and after injection of histamine and after infusion of ACTH in intact and hypophysectomized-nephrectomized dogs are presented in Table 1 .
The rate of secretion of aldosterone in intact dogs increased significantly after injection of histamine as well as after infusion of ACTH. The rate of secretion of aldosterone in hypophysectomized-nephrectomized dogs before injection of histamine was low, but it increased significantly after the injection. Asano, 1966; Katsuki, Ito, Watanabe, lino, Yuji & Kondo, 1967; Tanigawa, 1967; Narita, 1971; Yamashita, Shimizu, Mieno & Kawao, 1973; Hirose, Matsumoto & Suzuki, 1976; Hirose et al. 1977 ). In the study by Hirose et al. (1977) , significant increases in corticosterone and cortisol secretion in hypo¬ physectomized dogs in response to histamine were observed, although they were small and of short duration. These data have been confirmed by the present study ; small yet signifi¬ cant increases in corticosterone and cortisol secretion were observed in hypophysectomizednephrectomized dogs after histamine injection. Recently, a direct effect of histamine on the secretion of corticosterone and cortisol from the adrenal gland in the dog was verified by experiments using isolated adrenal cells in vitro (Hirose et al. 1978) . Since responses in the secretion of corticosterone and cortisol to histamine in hypophysectomized dogs and hypophysectomized-nephrectomized dogs have been found to be much smaller than those in intact dogs, it is suggested that adrenal corticosterone and cortisol secretion in intact dogs in response to histamine might be due mainly to ACTH and in only a small part to a direct effect of histamine on the adrenal cortex.
Since in intact dogs, a prolonged hypotension induced by histamine would increase the concentrations of angiotensin II and ACTH in the circulation which are capable of stimu¬ lating aldosterone release by the adrenal cortex, histamine would stimulate the secretion of aldosterone via the renin-angiotensin system and/or pituitary ACTH release. In the present study, however, a marked increase in aldosterone secretion in response to histamine was observed in hypophysectomized-nephrectomized dogs as well as in intact dogs. These data indicate that an increase in aldosterone secretion in the dog after i.v. injection of histamine might, at least in part, be due to factors other than ACTH and the renin-angiotensin system. It has been well established in the dog that an increase in the plasma level of potas¬ sium or a decrease in the plasma concentration of sodium induces an increase in aldosterone secretion (Davis, Urquhart & Higgins, 1963) . In the present study, however, no significant changes in plasma levels of potassium and sodium were observed in hypophysectomizednephrectomized dogs after i.v. injection of histamine. Thus, in hypophysectomizednephrectomized dogs the response in the secretion of aldosterone to histamine might be due to a direct effect of histamine on the adrenal cortex or to some unknown factor.
